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In the potential measurement of the 
tokamak plasma by a high-voltage HIBP, .the 
difference of the energy of the secondary Ions 
from the energy of the injected ions is the order of 
Io-3 to Io-4 of the initial energy. Since the 
energy spread of the injected beam is small, the 
error in the potential measurement of the tokamak 
plasma occurs at the energy analy~r .. One factor 
that is important in the error analysis 1s the change 
of in-plane and out-of-plane entrance angles to the 
energy analyzer due to the sweep across the . . 
plasma cross-section. The local plasma potential Is 
usually measured by the shift (s) of the beam on 
the detector plates which is related the entrance 
angles in the ideal parallel plate analyzer by the 
equation, 
2V bcos
2
<pan H1sin28an-(Xd-Y dcot8an) 
s=2 0 ZVa , (1) 
· 1 +iT cot8an 
where Vb is the beam energy incident to the 
analyzer and V a is a potential of an upper plate of 
the analyzer. Ban and (/Jan are in-plane and out-of-
plane entrance angles. Other parameters are shown 
w l+V1cot8an 
From equation 3 we can clearly understand that in 
the ideal parallel plate analyzer the ND curves (ND 
versus Ban) with various dsd merge at the 
entrance angle of 30°. The difference of ND 
curves, dND due to different positions of 
detectors can be expanded around 8an and is 
given in the in the following equation, 
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d8an=8an-30° and ddsd is the difference of dsd· 
This equation may be useful for the determination 
of the entrance angle from the measurement of two 
ND curves. In addition, this measurement may be 
applicable, in principle, to the out -of-plane 
in Fig.l. Since the effect of out-of-plane entrance 
angle is proportional to cos2( (/Jan) at constant 
Ban, the error in the measurement of the potential 
profile in a single poloidal sweep of the beam 
across the tokamak plasma cross-section, due to 
the finite out-of-entrance angle can be suppressed 
by the fast toroidal sweep as was. proposed9 and 
verified experimentally by HIBP 1n JIPP T-IIU 
tokamak. The effect of the in-plane entrance angle 
is complex and accurate measurement of ~e 
change of the in-plane entrance angle dunng 
poloidal sweeps helps a lot to tune the analyzer 
and assess the error of the measurement. As a 
convenient way of this measurement we proposed 
the detectors on the precision slide mount with 30 
degrees to the electrode plane of the analyzer. 
In this paper we present the first and accurate 
measurement of the in-plane entrance angle by our 
detectors on the slide mount. 
The shift (s) of the beam on the detector 
plates is measured by the normalized difference 
(ND) of the detector currents. Its relation is given 
by the following equation, 
ND = Iu- IL = 2s, 
Iu+ IL w 
(2) 
where w is the entrance slit height and IU and IL 
are upper and lower detector currents. The 
dependence of ND on the distance of detectors 
(dsd) from the second-order focus pointon the 
precision slide mount is described by 
(3) 
entrance angle if the detector is replaced by the 2-
dimensional position-sensitive detectors. 
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Figure 1. Schematics of the beam trajectory of in 
the anall y~er. · 
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